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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize an n-type 
light-emitting layer of quantum well structure which is 
superior in emission intensity and monochromaticity by a 
method, wherein the conductor of a terminal well layer 
is so formed in potential as to be curved and protrudes 
downward on a low potential side toward the Fermi level. 

SOLUTION: A single-quantum well structure has a 
structure, where a well layer 11 is pinched between a 
barrier layer 10 and an interposing layer 12 to form a 
light-emitting layer. The light-emitting layer 1a is 
pinched between an n-type clad layer 13 and a p-type 
clad layer 14 to form a light-emitting section 1. That 
is, the well layer 11 serves as a terminal well layer 
11a, and the interposing layer 12 is inserted between 
the terminal well layer 11a and the p-type clad layer 
14. At this point, a conductor 16 is formed curved 
protruding downward to form a low potential section 18, 
only in the inner region of the terminal well layer 11a 
near its junction interface 15a with the n-type 
interposition layer 12. With this s.etup, a 
light-emitting layer of quantum well structure formed of 
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n (DH) tS^f&TbSf^U&^T, 

mTfunff^ftlf 14, #-^L < l±#-fiO»^#Fffi|xl£ 

#U 

£ pftir 9 y KUfcOfWU, nff^ll I Wlfl^bW** 

<b * * ^i-ffil $ ft, 
«»JI#j3« **, 1WIE n fc **S|#Fr« t«f^ 

(Fermi 1 e v e 1 ) (C|6j(t Tte^tf 
7- > -> \ ;i'1M(CTHr2](Cft?)T$-(ir^--f -r > y -V ^ffifiS;* 
A (In) 4-#Wi--5> n©<7)lll 

itnfMi n mmttm 

t OMCttjfSlXTv^ w £ Sr«F»fc-i-*HI*a 1 (-IE 
[At** 3] flllSnJ&NtffV(*, NCn«^ft|j:* 

[fit** 4] *E»3f#P*«±, *IBn©IMi«i:«> 

y Y Cfc*#«fc1-*»** 2 *fctt3 

yy-v^u^u (Eco) 1 7i ;w 5 u^mj'-Njg't^i 
^/i^£^•r >y-v;u3» (Ec) fctf).**^-* (AE 
c=|Eco-Ec I) (i^^O^JfeO^-f >-> 
-vjh^ju (Evo) t v j. ^5 ;u H ~- A- 
l&tfT^y^PJS (Ev) t«x^;^-i (AEv = 
I E v o-E v I ) t^tt^x^^^-f (iEc + 
A E v ) 0. 4iU? ho>,t> h (e V) J.;Uifc 

4W*JI4 (cfB5KOfi:T-#P«^»3t^^ 0 

(AEc+AEv) £ft&W#P)f W^-ftcO-^*^ 
5 UIE*0* : F-#J5«|iS»*« : f-o 

«riE*Ji#^»<0«l**, ti&0#PJf <7)lf 

(=X) £0. 3V.Tfrbi&Z±imt, m±wttti* 
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1 i: *£-tr3MB»fc«> n 

■5 U • -f > y <5 A (G a i -x I nx N: 0SX<0. 
3) *^«JSL<:Ct*«p«4:i-4«*ai75S7 0W 

[»**9] ttffi£ffi«»a»e>fc***#Pll«:, BK 
^BuWftKS: 5X1 0' 7 c ra- 3 iUT5 X 1 0 20 c nr 3 
WTtti, n^Gai-i I nx N (OsSXsSO. 
3) ftikfrbffimLtzZ 8 UE* 

[0 0 0 1 ] 

[HWOJRi- fcttffifrlf] #5&IPJ(4, III 8eSHfc»¥* 

sdh mm <r>ti- #p t#it a*** * * * o ji 

[0 0 0 2] 

fo«jfe*pra*t«t*N-*»** r 'f *- k (led) 

hi> nWt<F>&llif ') *J A • -f >y* -^A (Gailm-i 

N:os«gi) *%1tm (iStt«) iLr««:$nr 

t>4 0 G a a I ni- a N* f , > v^A&f&Jt (= 1 - 
<r) fcHSNC&oT, ^CJi, 2. 0 JiU-^ h D Y 
(eV) jj»<b&3. 4eV(:I*, «*«OnT«*!K''» 

i<O^H'Ifit-*4 (# fl=ffiS^Kft 5 5 ^* 3 
30 S 3 4 -5§-#HB) o 

[0 0 0 3] fi6*0»*«0«*l4, nf^SO-'pff^^ 
7-vKiMi:, Ga.Ini-.N^^mJtltftj* 
Lfc, Bfiip n8^y7*)^TD (double 
h e t e r o : DH) fci&jJ^Wjrr&Otf*— teftt?* 

(Jpn. J. Appl. Phys. , Vol. 3 
4_, Part2, No. 10B (1 9 9 5), L133 

2 -L 1 3 3 5W#SS) o H3tSO^S«itfl<J^ 

Gailm-i N<om-<7)g^'b5l7fce?r«fix:'r-2>W t 
40 *4 (#g|¥9- 3 6 4 3 0t£iW»t#i) o t 

tz, aewitwuanif, jingle 

.Quantum We 1 1 : S QW) fl|fglgv»(i^fi 
(Mu 1 t i Quantum We 1 1 : M 

qw) *aa»&*j«-r4i£#a*B5FS<i.Tv»4 (#^¥ 

9-3 6 4 3 0-^^lW«I##M) o 
[0 0 0 4] lfe3l&SS:SQW*v»(iMQW«S^'b««: 

ttz. V-*¥?4 V (LD) ICJbcTlJ, f&il 

50 ?cBf^, r7fcrVUXj ( (#) aottt, ¥^9^ 
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(3) 

I 

5H1 5 B, 8 Ct%tT> > 6 3I#S5) . , 

[0 0 0 5] MQWtf)fl£Stfi S Q WO 

•x-^^^-flfmasifltstttuBiguw^i-*. sqw 
i±, B£fl;H*3i-&i|o io, out, 

mm^f 9-3 6 4 2 2 -9^4K«««#M) o #Pif 4 

PS) *#i6rH&|WI— C0SHOG ao.93 I no.o?N^e> 70 
»*i-4«*«ftlifCt>4 mffl¥9-3 6 4 2 3-§-&$R 

[0 0 0 6] ifc. Ell Oli, m9UW^L7tSQW« 
jSt^ft^ffif^f- > -> -v MSfiScfcTjrt 4 <DX~hZ>o m 
110 10, O 1 1 li, #PH 0 1 2 W^ih**S 0 1 3 
<fc i>±&%'<> K^-V ?y0 14, 0 1 5<7?^4^<b 
«)&£ft&<7?# ? 1£T-&£o #Pi0 1 2* s se*^n7tM 
ttO*r Vv-V-U-^pfflSO 1 ecofSig^O 1 71BU(±, 
e» i «r«^«b-56Oi»tt*«ofe* : f-i*tt0 19,02 
0rt f f&£LTt>£<, ifc, fMKHffO 1 fl« 20 

^»j&*fc-£oi£ffi*«ofc*?-i«fc o 2 1,022 

il4Ltv5. ^cofi^fiO 1 9 - 0 2 2 <7>f&±U 

«t «k m&x-*^*c-o 23, o 2 4(i, #pho 1 2 

O«jh**I0 1 3 J: f)*tSr40**#»T?** (±E<0 
Hb^'UKi , 6 3I#1) o ftoT, M^#P«i* 

[0 0 0 7] *^#P«it<0%jfcS«:*;lrf:fl£*tf>lll 
v^uiSf&li, mi 0i:ffil^t4jB<, #pf0 

i 2 * *'kt Lrmmmmm^y- > •> * >mn$: t & 

oTv^C0^4otft>T**^ (®#Sf 8-1 1612 
S^&ffiSO^^S^Fg-S 4 1 2^#ft#HB) 0 t£v> 

ti^f >->t^Wtiotv^ iOf*!, (Ma 
t. Res. Soc. Symp. Proc. , Vol. 
449 (1997), 1167-1172 M#fiB) 0 L 

|gfcl± II I Rfifb 

»**Wtte>ix-Ct>* (©#^¥8-3 1 6 52 8^ 
^'©EUROPEAN PATENT APPLICATION E P-0 716 
457 A2#BB) 0 
[0 0 0 8] 

[#§W**<»*LJ:-7 t-tZim] Ga«Ini-«Ni# 
Pf fc1-£*^#PtS£0#&ftJf K&oT, 
«IH-r*fc«>U3PJffl$ii*— oo8£*a#i: LT, 4 > 50 
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(=i-«) u left i- 4 x. a^Stf** o 

tt, -f > -✓•>Aa«:lt*JtlS!W±ti-*G a « I ni- « 

<0W*:U{*v», Ga«I ni-«NO*tjhflMBl*'.hfc& 
0 , -tiitcis t -c S& jfc&ft liH&g fc fc * a» -e* * 

(#&B3 5 5-3 8 3 4 ^-#Jffi) o 
[0 0 0 9] Ltf»U * V->**AfclSJfcjJ«, «xlf#Sj 
0. 4^&0. 5t^>Ga«Ini-«NWi: 

< (Materials Letters, 

35 (1985) , 85-89 W#!f.) „ 5 0 0 'Cfrft 
cofaiat-fiKIHL^G a « I ni-oNIi, ^aHil^a 4 

Vol. 76, No. 9 (1 9 9 3^9fl) , 9 13- 
9 1 7K#HB) 0 #P«*fl|ift-*-&||| J££ft%#'*te 

^si officii, «**?-o«*ai«<o*fiicjEftsji 

-5>o *§ B B B 14tC^^G a « Ini- a N^<b#PS4r« 

o»**^-*«»i;>ittti,»<o*«ee*it*u»it*— sow 
[ooio] *?-#P»j6-cii, #pJii<3U*A";ro 

(fflxlf, #P§¥9-8 4 1 2-^l>##BB) 0 

^it^Ga a I ni- a N*<b#P* 
tf4. HBO*:, iS'f M. &f&itt%-f'<<. 

i&&X-mmLtzG a « I m - aN^Si, $SS14iiJ: 
*£&<7>fc&&„ EP*>, JftvW ^v^AafiKitOG a a 

<b n ^ v> <7> -c * o 

[0 0 1 1 ] 8UOfl6*tt#ftc«v», #PS?r1S« 

i"* 1 1 1 KflffcW¥*#om»0*iLW«U*tJS1-* J: 

a*»?>«*«*fl|l«i- &ULr«> (1fSr»2 7 8 06 9 

^5rffiB--K-r- > v -v ;w#Pfliai: (i, SUO^x > > -v A- 

WicfttW > ->*■> AMfiKJt^G a a I ni-«N£&oT 

[0 0 12] itz, *5tw&m 2 <?>tm t-t&tZZ 
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(4) 

14, #plf £G a a I n i - « NO&JltttcflCo . 

ffl x If, *»flf » liS ft S jS5ftSOf&3t * 4 h + 

*f ft <b mm iz-t- & z. t {zh & 0 <r>mm 

It. ±E«5±fc*«H«:»ftLT, %*sftau<>. i 
fc, 5l*W#fe1tUt«En-5, III MttlMMMM*** 

[0013] 10 

*<OBIH^*SE)!RLT, »*05liaCRirJ|lfe1tOW4lU 
«>€^**^#P*SOn»$&ifc» i^P 

mmftjtmj-ztm-t&z t & t ix&z ixtz *> o 

tt$m*>»ihflf J: 0 t ffcvv* * o^fe* £ *> <b -f 

-«FL < tt*M;^F«it«>»*« 

i:-3v>T»ftS i<DT-*^>o -two KfllJft* 20 

[0 0 14] EP*>, It*JSl UE*W>»9|li, *&A££ 

o-*M±(cB«?k, iii mmim*mwmikmfrh 

il-nM^'pf^v'; Kg U#EJ» £ ii tz n BI&Tfeg £ 
m*.tz. pnl^WAfD (DH) *JfiO%«* 

^#P8tii£#U S**#P»i6<o#Si*flr.*1-*# 
PH (#»#P«) tp»>9yKli«)tli:, nl 
ONI 8efflfl^**fM»<b*4 4M£«a f E*&ii., tm 30 
Jg#PH ±\ miS n ff^£Jf t #»#P * t^Spf I 

(Fermi 1 e v e 1 ) tC[6]ltTfg:^-r > 
v -v ^ffll tcT l-fl jc ffiffi *-r > -> \ )\^mf& £ * "t 
& % ^>->'7A (In) ^#*i-^nff^lll «iaft« 

[0 0 15] 4*:, iS*Jl2<7)fl^l±, W*JH 1 EtSO 

[ooi6] ttz, mimsnftmi, m*R2(cEft 
<7>%wizis^x, m&ni&mmm*. m&ni&fr&mt 

[0 0 17] it, «#flU KE«W>«9ltt, 

t ibtzh-t n«ttft #f>->t * « a * i*3& 
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- t «t "J - * *> 
[0 0 18] ifc, »*JR5t::E*W>fciPIU:, 9NU14 

/o Koftufo*# sag Lfcifewcaa. 

EP*>. BI*Jl5U|B«lO«WUiJv»-c, &jg#P««4, 
frig!*<0**W^-r>->-V^U^^ (Eco) t, 7 a 

^ 5 l^^ffl^&tjiiX/il&tfx^-v^ysg (Ec) t 

<7>, jc^^+'-M (iEc=|Eco-Ec I) t, A 
% : }-^<r>^.^<r>^y-> is\)\,\ss<)V (Evo) t> 7i 

>v i ^'x;HI-s^f*>iX^/ v :e.-^f7 i >-> + ;i, ® (Ev) t 

(AEv=|Evo-Ev|) t<7), 
tfWi^OW^-SI (4Ec + iEv) 0. 4xl/> 

( e v) Vl±.tirk&ytf$~BLi?mW5- 1 !6<r> 

[0 0 19] 4fc, W*«6 (CfBtt<75ffeW(i, W*«4 
4^:14 5 UIEttOHWUijor, 

g^gjfli, ±IEO^-ShOit.;u^-^ (AEc + AE 
v) «rflfeO#P«*>£*|-0.x.*A'4 r -SU I) i^t-fi 

[0 0 2 0] IMTCEft^nii, fffUl 

^#P)gS:#lfig-t^>±r-offifi:'tt**ltti-*tot?* 

4. 8P*>> W*JS7UiattO«Wli, BB**17iM6<0 

®oei?J^Tt Lri^t^#i!ct LTV4. 
[0 0 2 1 ] 47i, »*Jl8tcE«<O^I4, S*Jll 

7iS7 tcE«oi§wt-iJv»T, i&jtaacoiiini^ian* 

ft»#P* fc*oSfr«rft35+*<><0-C* 
4» BP*.. «*«8UE«<0«WI±, ■«ai»S7t= 
E«0||WUHu»r, «TE*SI#P«*, 
ftJt ( = X) SrO. 3J3lTi:-r*±fltffli:, BdEteffli: 

•> A • -f A (G ai-x Ins N: 0SXS 

0. 3) *6HMtt4Ct t#iit 
[0 0 2 2] i/c, lt«9l9CEIftO«9!lt, tt*« 8 
i:WO»Wi:*oT, !EU«*»8E 
ic#pg* f «lx.4-<§^ft*a^i-4 tOT*i„ EP 

»**9tE«o»Wii, M*4(8CBttottl!!t= 
*v»T, l»E^ffi«S^^ft«tf«#pJ|«rs «*fflt^F 
iS*?r 5 X 1 0 17 c m- 3 lJ.±T*5 X 1 0 20 c m" 3 fclT t 
nlOG ai-x Inx N (0SXS0. 3) $SS 
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I 

[0 0 2 3] 

#p (sqw) mat Lfc»6-*Kw-r4. unc, m 

MM 1 0 , #F?jf i i , Rir^ftH 1 2 fSB L 

fc*SQW*iil b(i, lflOBK (a''J7 : b a r r 
ier) HOt, 1 ll^Mfelf 1 2 tt', 1 

a iirv»4 0 %1tm 1 a(l, nl?7 7 Kil 

3tpi>7vK114t Utt#$it, 1 
$tLTv^ c ^OPt-o^prg^t,^;^ s QW1fiS(c* 
oTIi, -J-OPft- V)#p)g 1 l»S#Pil 1 at'i 
£o *%W<0»^#P«iS<7)!|#gi(±, &3g#J3«l 1 a 
t pff^7 y KJf 1 4 fcO CHUM'S 1 2^jf A^it 
fc»«;u*-6o BP*>, *»W-CI4, »Jt#P«l 1 a 

[0 0 2 4 ] a 2 11, 1 (-IE*0»WU« 

1 0**»«0*?-#Pfl|itS:^M?-#Js (M 
QW) $g££ L/-:*#S-£, i*.A-^-flr»a«:*tcKW 

#P»f Hat pf ? 5 7 KS 1 4 fcO^ffllcfrftB 1 
2A t }fA?iUiiti-citi>4o C<7)MQW«it 1 d 
Wftjtllali, nM[>'pf?7 y Kil 3, 141: 

S-t£, MQW^iil do*#JR #FJ§ 1 1 

a»S#Pif*4. il£S#P§tLT^# 
pNf 1 1 a^CMil 2i:BiLtv>l,#pli!is» 

2 a«#pf i i b -e**. m 2 is*#^Ji 1 1 b x 

n§?7 7 Kil 3i:l&^i:Et?ittv>4, # 
PI (11 2 T-(i, 1 1 c - 1 1 e ) A ? »2 i5«#p7)l 1 

i ba^o#pit**. zftb<o#pmi i a-i i 

e tm&m 1 0 S: SIC! i L T 5 Sffl Q Wit 1 

[0 0 2 5] ®2UiJV»T, n«S^'pff^7'7 Kd 1 
3, 14 11, nBRVp^WxIf, Sfl:7*S-->A 
• if') ^AlS (Ah G a.-v N : O^YsS 1 ) frh 

mmx'& & 0 iia-iie wm&tm 1 osa'^ 
-5.^(1, *^sjsfi:*io±i-*7t*o#*^a-c**„ a 

*»:UPiLTttoa* (As) ^'J> (P) ^O^V^TC 

(GaNi-y A s y : 0< Y< 1 ) ^ 'J >\\M.VtH x ) *J 
A (GaNi-z Pz : 0<Z<1) ^On^lll JJOSffc 

i. L^L, O-z^A (In) Sr«fiS:7C^i: LT-^tf 
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£ f) tm l~% tz h $ i\ 4 i> v -7 u 1 1 1 JUSf fcft * 
•flstm, ft^, Gai-x I nx N^ii^ttPlJif 

[0 0 2 6] #J3*aOT*B«U\ nlOfifilti 
1 1 1 t£Sttft^*#tt A* tJ> <b »«-t 4 ©a«w i Lv> 0 
#P«R0T»««li, »IV»j7C*»&* (Si) 

(Sn) , tfcJilUVIttoa* (S) «-tU> (Se) 
^<r> n »^*t* *K-e>^Lfcn»lll JSSf L%*» 

/0 fci*&<^J3c&ls|jS-t4fcii!>, #§193-011, T > K — "7* 
(undope) t-MSOG ai-x I nx NiftS^ 

[0 0 2 7] »||£tl r i:#P|!: LTftffl S-tf 4(;:«J 
iiifli, *^Ci5i>tll, #tc2&5g£*n;l4-<£ 
^JST-Ji^V^ •) 7<75#t& (transport) 

fftc t oXft&temW 11, ^n-^7t - ^i- (Kr 
20 onig-Penny) t'Wf f *^*fif fc 
fx:^i-4t-^>T-*4 (K. SeegerS, T-t 5 n 
9-<D«fom.i£ (±) J ( (ft) ^ffl*/^ 1 99 

i^6^iobsi mmm , 12-21 h#hb) . & 

^T»R1-itlf, »Sei±, «»1 0- 2 0 nmflSW h 
(tunnel) tti&rfmMX'b Z>mWt-?2>(D 

tf—mi-e&ho #wm<r>mw-itm.i^ 1 o nmm^t 
tv»„ pii:<, MQw«ja«-eiat-r-&#p)B<oJBj?j±sf[ 

[0 0 2 8] 1 2 (±, 1 1 a tflMti- 

*«x.lf, nff^Gai-x I nx N J: 0 <> *Jh«f«***: * 

40 -f£ 0 ifc. Mil 2(±, #pil 1 atf1&M-t&& 
^«<Of&7t(;*-tLTii^i, ^JxtdfAlv Gai-Y N 
(0^y<l) #fl-**ibfll*i-40«r#* Lv»t-r4. 
Minii, nM&M,mfrbffi®.irz 0 +^>;riSR 
^5X1 0' 7 cm-3*?p|, SiL<lilX10 ,7 cm 

#2»«:*i-^«b«fix:-t4<7)75 { ftf 4 Lv\> HJ»I4*/U 5 
0 n mJAT-e*JS L < li 2 0 n mJ^T* ? ®-r-2» 0 
[0 0 2 9] Ml 1 2(1, ft*t'J7il6t?JII*ljE«) 

50 4<MtU:i:»v> t lfe7fcST-<oiK^riPimiE* t ±#1--S. i 
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i¥£f>oTt£?li-&jcM<bi\ iS#pfi 1 aT\ ft 

4 C Sot, ^fte<oei?<i2 nmfllttiOi'jfi 
Lv>o 

[0 0 3 0] H3(±, 01 U^L/c»l n&miWM 
fc>4 S QW^jg 1 b <D%-itm 1 a Sr«xfc«*« 1 
(fc^^SJSH^co^*^ K^fiK^ri ^SMffli: JO 

m.W-t2>tzib<7>'<> Vtr-iW? A (b a n d dia 
gram) X'h2> 0 9t\ *>tkWbMK%toZK> KfllJft 
0«f»I±, nmfr&m 1 2 ttf)l^?rll 5 aiS«U* 
«t4»J§#fSjf i l a^«R«i:RI), fs**l 6^ 

»K ®^r->-> Yaffil 8«Sntv>5;ii:*> 

& o 

10 0 3 1 ] Sfc, 14 (C^-t-Oli, 111 2 C^LfcMQ 
Wfllitl dU**Iti-*/0 K^-f-V ^7 A -Cab^o SQ 
Wffii* 1 aSJ/MQ WANS 1 d t-J*D <b "f . * 1 <7>*itS 20 
»Kfc«*>4/<> K#*W«p«li, nff^rftH 1 2 to 
S-g-IFMl 5 a a«0»J»#^JB 1 1 a r*JtC. 
6j5'7x*5 l^;n 7ffi!ll-TUdlU}Jr;h. B n3J f o£ffl}/T 

[0 0 3 2] ±EO«lC, 1 6 JCfitf f- > •> Ar * 

mm 8 #»#J3Jf llatnf 

^411 2 t«A7nfA ?ffil 5 a (cJS-v>T, &J&£ 
.t4£{^fc£^4<j£g;0 J *#^;ft4o 0Jx«\ nff^A 1 
v Gai-r N *f»MS12 4, ifc, 30 

IMMil 2 ± •) fc/hSfcSJlLWMOnf&G ai-x In 
x N (0<X^ 1 ) 55><b&£f£ig#pr« 1 1 a t<DAf 
n®^t;^,-,r, 7;K-OA (A 1 ) £L<J±-r> 
(In) (OflC^iftft^-f-ttifllftTcSlSi: LT#tr 

ai^JSfflJi, &2 0 nmKT, SiKliftl 5 nm 
WT, JEU&S L < fi&J 1 2 nm^Tt-f ££>^7S*£> 
-So ileitis ti, — jftttfc 2 K***rS (S 

IMS) 3$ V (Auger) Vf-fl^MMfrS; 
(AES) 4iTtcJ:47C*«)fl'**i]BO**ftt**ISi- 40 

[0 0 3 3] fr&m 1 2 t *?«#pJf 1 1 a £ 
Ml 5 aia#0«#U«BfWKttttfc£» : liri 6 (Ofi-i? 
■r > -> -V ;U^IMS|5 1 8 1C(±, ^T-l 9Sr«W$*4C:t 

a*-?**. ->*;usn 8*, #^ m^i 9^ 

«St4pi? 7 * Ke 1 4 twg^l 1 5 a 

£-£T, s^i 9o*»«**i9:ifr*»tif, H^KJt 

LT, iS1K*«>«v*jE?L (hole) fc&^ttKMMI 50 



#H2 000-133884 
70 

lot, H»**J*28"C*S»um : f-i::iE7Lfco 
SM* ^ * * * 4 « ffitt *«* 4 . 
[0 0 3 4] i fc, 1%mm 1 6 Offifcstfr > > ■V 1 8 

Tv>4<7>TN±fc < , 1 2 SifgMPi 1 1 a £ 

'MW*i::Jgfc1-4*-v'JT tt, ft*7C, fflxJf 

(response) J&««»4ilS»l£iSFlt«>l:?- 
#P*it%7fc®* { t <b $ *t4fU& t fj-BIi-4. 
[0 0 3 5] **«>|||*JH2U|EttO«IBJC«*?4»2 

s^vicictt, **s*4ct«r*i*i-4o ep^ * 

4-£«r*i*-r4 0 COiSgli, HI 3fef>'(Z0 2 tc^Tp 
?JlTv>4, n^ftfCift, «6-S*40ti, Z<D 

**4fc*-C*4. #^*fc*U*^-#Pfl|jS***+ 
4 nJKI»MOE11i:Bit$*r, ***SB)^coEfiB| 

OtfflCEfti^f*!, (H 1 SO f 02#HB) „ s 

[0 0 3 6] *Soa*«3JCgatt<7)%WtC^t>4»3 
0*jfc»SRU»(t4, 4^#^«dt*t»*^-4±T*<7)# 
©li, nB0f5^tM-r40* f *f*Lv>fc-r4^«l 
2 £*?-^#R^ 1 1 a nBKEK« lOtli, 

B§|S|-<oM«:^t>fix:4*t*4^^«^:-r4Ci:u*,4„ faj 

Xlf, nifM^Alr Ga.)-y N (OsSYil) 
frhftW% 1 2**fti-4»-frUJi, aBISISlOU 
r;P5^-t7^«Jt (=Y) 5rH-t-r4Alv Ga 
1-y N (O^Y^l) ^<b«^:i-4„ ^L<(i, 7;U5 
-tfAajftJtOffii!**:^ ±0. 0 5ttl*li:-r4, 7 
;U 5-^Aa^JtarB&|^— £-T4A Iy G a i -y N (0 
*»fe««i-4o nlUli 1 0 <7)^^14iCO 
v^Tii. Mil 2«rAMK-C]ftffiSi:o«J|««><bflia 
+ 4*>*»SLv»fc-*-4U*tU -f-iit*(>jS«Lr** 
*fi"4 n^MEKV 1 Oti, ««ttUSfL4 1 1 1 saaft* 
A V ^ <b »*■* 4 <7) * A L £ -f 4 0 JM£ 6<J (- (± n 
WMMmi 0V*\*)Tmm±. **tt4:W«i-4fcK> 
^•(tWlxi O^cra-HU, «f£L<li&l 
X 1 0' 7 c m- 3 Zmz.mi X 1 0' 8 c m-3J^±t s *4C 
£* J »tLv» 0 L^L, ^tUTiM^lxiO'Scm 
- 3 ^@£4£iUCnBWM^ 1 OcO^ B H4^®T1-4<0 
T% ^-V'JTjSgli^l X 1 0 19 c m- 3 JaT£-r4<0* ? 

[0 0 3 7] Ell U^L^SQWffltigl b^0!)tcLT$ 
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n 

-t-&ttJI#FHl 1 aU, f-«DWfJO»#lBl 5 a,' 1 

5 b * ?> en*o * it* tt-^j * t -t * - 1 jft § * „ 

C CO gpiD $ H * IE* jWfc*iJ* T- * * :|*ftT "C (4 , 8 
Ml 5 a, 15 bUSMt*^ KOflMJrOfUS*, 1MB 
T'<7).t«ttin|Bj(;tKoT ± i) KfflfH-t* - 1 

t&*o 

[0 0 3 8J lU, fr&m 1 2 t , **S|#P« Hat 
t^t^nfiMl 0 tSr*B-OWI|rwill SeSfk 

«s#i»#ai*fl-*»f>fl|jsi-* t , n immm 1 o &i>*4N£ /o 
§ i 2 <ow«*^»si#^Ji i i a icentosit*i6*o 

*MWM«IH*tA 0 ^itj:t), ^Sg#P)gl 1 al*9U-« 

(4, ± 1 0%*ff$col?$cDgft£lg-f o 

[0 0 3 9] ±IBcO/<> KOttWjWfc— «WUS£*iE 

*« u ip i t aw^flf o ft w t * o 
#*>*/<> KflWt4:03o/<> m^rj^zmmL 

I4, JM#Pl llaWn ^MCfiH 1 0 1 0>»fc-#ffi 1 
1 7flitc±Ui!!i»cWiift* f ofcm»rUJ: »), 
**?BS{i=^-fjn< , Hat, aftst** 

***n-&-rSnjg*&V 1 2&l>*nff*PSlt/f 1 0 U 

S2 0 ffi »= t / K«) B*f A < * - i j&T 

[0 0 4 0] 7x«/5U^l 7ii:ilffiUft#f> 50 
-✓■V*tt2 1KB, 9 kOJkitW****^! 

7L2 2 ttAcnt-rei. CWfisH-r^ v + ;tg&2 1 

W#U^ftJS 1 2 t <n&&Wm 1 5 a iS^Wfitf-r > -> 
•v^gEfi:i 8 lc*St?it/.:lE?- 1 9 4i^)^-w 
(4fSeT"**o SfcU, KfflEJSKKJS-lt*^ 
1 9 tiE?L2 2 moilSti*;!^- 2 3 14, **-S#pJf 
1 1 a ^f#fiSci"A 1 1 1 tSafb«**flBW»0*±flf« 2 40 
4 J: ij/htsflr*. lot, ^1#f€ 1 1 

a zmfc-r * 1 1 1 »sa<t»**#*f«<o*ihw« 2 4 u 

&* e 

[0 0 4 1 ] HI 2 UTjrMJU::, #Pirt«e«* 1 6 «0 
ffiWcofift(4, fcagUri 6cO**co^T->v^;H^^;t 

(Eco) 1 6 a fc, 7x^5 U-x;H 7 lffll-^^*>5Z-A. 
tzi&tfT- > v-WtSf (Ec) 16bt<0, 

(AEc=lEco-Ec I) 16c X%2tl2> 0 — 
*, <ffi^T-^2 Oco^iftco^-r > ->-v;H^;t (Ev 50 
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o)' 2 0 a'fc, = t^;H 7 W~>i&*>&A,t:1&# 

f>-> + « (Ev) 2 0btcox^;^-i (AEv 
= 1 Evo-Ecv I) 20cHot, (iS^-^2 0 

<7> m vx<om 2 i\ * « hhwaec ( = 1 

6 c) fc, fflm : f- : ^2 OliWAE v (=2 0c) tcOiig: 
ft<75JC^;u+--MT'ab*o «xlf, «#Pil 1 a£ 

* *tfl-<o jEao*jhflr« 24*^, fctf-o 

x. * ;p A E c + A E v £H L3 1 vfeflWafM- * 
2 3 &4x.*o 
[0 0 4 2] *aWO#5 0**fc»]KTrt> *SS^W* 
Jl 5 (ClBffecO^P < , ±ieco^-itOi^;u+"-MA E c + 
AEv&O. 4 e Vtt±ct4#Pi*?>^a#pS 1 

1 a &1#llS<;i-*o < t AEc+iEv#0. 4 
e VJA.hT**»St#J3» 1 1 a 14, »*Oft«ftitS: 
tt'bti:IP^cofiv>?!!iS«:4x.i*'f.t 1 *S„ £ft<0 

iT>iK-liEc+AEvtO. 4eVJ3l±ctJt: 

(4, **3i#jp***ra— oadttwpo^ttJiatiwtt 
r**ff«tt^o»ati&fflj ( (tic) it 

JSJBUff, BS^D6 1^9^ 3 0 Hl5!JJK»4«lJ) ,139 
- 1 4 5I#1) «Oii^;(C{RoT, 'Pti< t i^-ftco-i. 
^-JSAEc'+AEvtO. 4eVfl±tt4#P 

[0 0 4 3] (MQW) »jtt«fiE-f*# 

•j r coji^ a. * )v *?-&#Fsmm~m % * z js § , 

:^tf<7)x^^-iAEc+AEv Z&mt LX& 
T, ±ie<0-g-ft<7)^7^U+"-M (AEc + AEv) &m 

[0044] m4<Ds<> m-Yy5A,zmm\-xwM 

■titi£, ^2iS«#p?*f 1 1 bco, ttK* 10ai<?)S 
£-#®l 5 cT-coe^l 6W>yt;W 
A" COS'S 2 5 c £, ^1 ia«#p?@ 1 1 a cOjg 
<7)-SI? 2 5 a X <0 t/J>t LT^A<0^etT-**c, 5. 

o, wk* iobt co^^-#ffi i 5 d -cR-itawf-* 

2 OOm*>iA^c7)SR2 5 dt, *lfi«#P)ll 1 a 

i*icoas : f-*2 o<7ym-£>&*-<r>m8£2 5b<r>x*) t/ht 

1 1 b rt'C^tt^^-ltcOi^^^-M ( 2 5 c + 2 5 d 
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-i (25a + 25bi:ffllt^>) J: <0 i>'bt1rZ><r>tf 

6C1 8, 2 1 1:. K2£«#p| llbiD ^fit,t: 
**';r 1 9£f>*jE?L2 2) »2fi 

*g#R)f 1 1 bW|?W#Pi 1 1 c - 1 1 e <T>[*ltfAZ 
14, f£*flfl 6 0ffi^UjS^m?-l 9£l>'IE?l2 2 OS 

[0 0 4 5] MQW»ii*'*b»*IBt1t*i-*^*o 

t, *siis«#psj mn#pm) 1 1 at*2ias# 70 

Pgllb *-g-tf-e-itJaP$0#P« 1 lc~llei:B 

s-t & n ^bujs * * 3 <?>mmwm u PU 4 & <o t + ix 

14*, f£:jfc£ & tzh'ttzub^i^ t'JTt LTWl? 1 9 # ? 

8i:*tti4„ iE?L2 2 W 

jetf)*tt2 lUB!5eSft*o BP*>, ';rt»»#p 
ilia WrtSCWtgW^f > •> + 1 8 , 21i: 

Ht5e L T ^ U fc 3&*SSc iz , B&-^ co jh * ;w ¥ - * ^-f 

»;«a4»at*«fefcf,s^*„ g2ai#pgi i bw 

|!4<7)#p^ 1 1 c - 1 1 e tc, {sg^ 1 6 

s ;h.T*mw\ am. s ii* ire-use: *> ## 
„ It 2 jsft^psjmfcottpsjrto*^ > -> 

[0 0 4 6] ^#P8 1 1 a UOV»-Cl*K, tfx > > 

nit*, fllx.14% Sft**'J^A • 4 i*$L&frh 

St 4 1 0 nmJaTti--& fc, -tfE<03-ftO.x 

(AEc+AEv) £0. 4eVtt±tt4:ti!i ? t^ 
4o — leV-1. 5 e V Sr@x.£^tf -r 

> v + ^Olf^S* t , «**ftttT*#U 

< 0!lx.l4\ fsii^J: "9^1. 7 e Vflftv* 

x>v^;U«&£ff£|£Lfc, £&ftJhfflI*tt3. leV 
tt4Gao.9 Ino.i N|S B W»&»Ji#PSJ 40 
•i> t , jfeft**^ 8 0 0 n m*W s Z-Z>m\-Jtti' :: % J tt h tl& 

[0 0 4 7] MQWfliau»(t4»J|#)3«l*JO#r> 
+**ttU«ittf, *ft«t»IBfl*Wt««i-*LJf, Mm 50 
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iWti'i, f-JxIf, nIGa NKillCG a 0.9 I 
no.i N»*#PSl*a««jUi8«i-4i:, 
WU»»t4-f >->*->A«T-«*oa»IEJUl2 0 ami 
ffiUfix., &J4 0 nni-ft5 0 n mUPJiT*- h^ifh 
4» Vt^X, **«#PSH_o#9l^$it^«Sf tifB#ra 

mmmzmi % t'cnmmz x *>, »*#psjuwi- 

& «: US » O it Jt « L T t ft-*" C i: 
[0 0 4 8] 4fc, *5ft*0»7W*ifc«3RUIB-tin 
illai, fliO#pJf t(4Jfl?£gtci-&#f|-7>><c>1t 

vo*mmmiz%?iztuz.-nz, ^s»#psi i 

S#P^1 1 a<7)<^^, JUttUflfeO^SJUJt^r J: •) 

*EW4»#«:X«-f»»#?iSjOSJffl 1 a^, fife*) 
#P^4 •) feff<1-n(4*, «ritt***fff *^*P*Sr« 
< iU* > v'^ASlftJtOG ai-x I nx N$gfilBri»<b«[ 
x.T#PSl J£t«<, %«fiWfi«Sft* ! 

[0 0 4 9] «*s#pji 1 1 a<7>mm*m<-tz>t, n 

BBSS 1 0tM« 1 2 tj*^fe^lD*<7)S^-vM4ii 
ttrf£, z\<ntzib^ ^S#Fi 1 1 a t<7>«^-#®l 5 
a tOfiif 1 6 TkVnJtmWm 1 0 t <n%-W 1 5 b T* 
Offi«^2 0<7)5l^tcSS>(t-l)/<> K<r>fl|#fl4, gulf 
1-tOt^^,„ Z<Otztf>. /<> K<Offlfffi0i#ftD(-«t Ofi 
**f > •> -v ;u« 1 8,21 uBft *-m& 

-(4^|g|o^j»#PS<7)*&^-{cjt'<r, 

ix4. IP*,, ^*<o*p<, tff*ttU*4jtj'f >v^i 

[0 0 5 0] -OS?ft«ft5ia(4, ^*0-S£D<J^ffif^ 
> •> ^ *iSwtf #p« * h%M2*ih1&iSLt 
14, ^<^<0^mr-*^ o t6*OiEJK#x> + 
Ofi^#j3«ii-C(±, #pgoi¥?, BP*,, #pifl7) J M 
^-ftilf, #pl*ltcff^?lx4i*f3:(4J: t)iS< ^ 

13, 5ft**ftli«*fti:*4, — *-CiWIBO» < , Zff) 
^*Ofi?-#P»jitl4^^»), #pi|il<7)^i:*(c^ 



-8- 



(9) 

15 

* | IB 

Jttt Jtfl&E* &i>tzb1rizfcZ>'i> vm&WA < T-W X . 
[0 0 5 1 ] *^<r>^8co**i^T-(i, ijife 

±.lfbiH>frbX&Z> 0 ^%W<Dtfy- KcD iO 

AftSUtOGai-x Inx N^iS#pii LtSffit 
&o ^HWUtRfUf, -T >->'H7 A&t£J:b (=X) ?5*0. 

< > ¥*7J*f&M.K.<r>^.itif*) VJU ■ 4>¥^J*m.& (G 
ai-x Inx NIOSXSO. 3 ) < *?-yiB#P/f 

[0 0 5 2] -f >v^A&J&rt f ±!E<7)HfflrtU;fcl9, J. 20 
•^^WSii^G ai-x Inx N (0SXS0. 3) ;{r<b 

#*«jgi:t±, -f A|&jftjfc ( = X) £*i 
*-f 4tt»0» (d om a i n) (p h a s 

e) <T>m.'£frbtl:hmM i foX**>2> (tlf 10-5 6 2 
0 2-f-#BB) o »l*J{C^:EWUfffti-*« (») *±flt 
ffit-ffLif, ±#ffil<it-tO«rtUfi6JK»UlR^E-*-*ffl 

Lf K-y h (quantum do 50 

t) wfcflsfljfcstu-raanftK, 5*swtcffitu*^*« 

[0 0 5 3] ^*#iS34"b**»Ji#?JiUi, 
xJi\ *1S^JKSi»/B^ffl*t« (MOCVD) ft, ^f- 
SxeHytH' (MB E) ms$L\<H±"nr>iVfa*?>^ 

* (VPE) ft-CWit ajEffc**lfc*ftO* 40 

[0054] $hm<d» 9 o*dt&s-cii. 0>mmmfr 

btt%> Gai-x Inx N 3) 

ft, BHRR^-SrajEiaftT^-trGai-x I n 

x N (OSSX^O. 3) fftA«*>t>*»|#FJfl 1 a£ 

x.4i|?-i§i#F«l 0 1 a ftXft? 

L<(±5X 1 0 J »cm- 3 *l, sEtCgf L 
<(±, 1X1 0 20 cm- 3 J.lTi:t4Gai-x I nx N 
(0s£X=S0. 3) *«»i#Flllat**t*fcft 50 
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«>ft;MJ:'LT&-t'*. MXBKT-ftK^Hil x l 0' 5 c 
m- 3 iftvMift 1 X 1 O^cm-Hinti, ®<6T^« 
H^-ilKOf&v^G a i-x InxN(0£X£0. 3 ) f£ 

1- 5e#fl-> U <> <b -t IziiW. b tt t * , U#>b ix 
Z> o A9fe ft <r> i i> tz b -t IZ ft flfe t 4r S ttftJK?* 
ftOlSfflli, |f)5Xl 0' 7 c m- 3 W>±T*, 1 X 1 0 20 c 
m- 3 VAT~C~$>2> 0 
[0 0 5 5] »**^***«f*4r«Hfc-*-4 Gai-x 
Inx N (OsSXSO. 3) ttA*£tt*#g:(C(i* ffl 
xtf, MOCVDttCtS4Gai-x Inx N<7>fi£;l!£ll|£ 

(function group) WfttiaLfzittffai 

&o Mxtf, h'J^f;^';->A ( (CH3 ) 3 Ga : 
TMG) ^GaigtL, h ') J- *)l<< > V U ( (CH 
3)3 In: TM I ) «r I nUt^hQ ai-x I nx N 
(OsSXsSO. 3) (OEIfilrCiotl^ K^it** 
ilippmi'f ) +ttippmtt4TMGt, tfc+ 
Sftp 0 Ofip pratt^TMItM 

[0 0 5 6] «#Pfl:itGai-x Inx N(0S 
X^O. 3) ttAH^<OK«n(?-ftS«:mi(-f «^«!><0 
gyo^St-ll, Gai-x Inx N (O^XSO. 3) 

■tz^gLvmifbtiZo mi, -«ft** 

(CO) , -BSffcM^ (CO2 ) ^»7k (Hz O) &fc'7>* 

-^ca* (no) ^-Rfta* (noz ) 4 
fo^tftsii, 111 fsaft»**#«iiua5c*-c 

ab-SS* (N) i-Strtztb, fflgm<r>fc9Mfr b tomn 
0»ffic«:ifp«IJT-&^a*><b LTt»* L<fflv»eit 
«i«f, *^^rlS:-Sfc+p pmCO#:miglST-^trT 

(nhs ) if^^m.mmtmmLxii. Ga 

i-x I nx N «|JIVI«3OBI*1|[?-)RJK^M0-C^%. 
Gai-x I nxN«A«|^0)tt«lR^jiK(i, 2^-f* 
>KtfrVtm (SIMS) ^^-->*i (Auger) ^ 
¥QHt1Wr& (AES) 4-t'ojttS:5t*fStcJ: >)^ftT* 

[0 0 5 7] 

4^ffl^ f |§Jf 3ix4o ztit*)* ->-v^*ffitc 
[0 0 5 8] Zfz, W*JR2<0»?'|t=E«tS*t4»J»# 
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(10) 

'? 

<r> ttt IK <r> & * 1- $ J!, i : m W x- § & «M & ©J ih -f -5. „ 
[0 0 5 9] fS**4U|B«WMWl±, IE7L&# 

y-'iEJL^fti- -5) ^ >\> a i& ^ £ # , #t u T^ojgu 

[0 0 6 0] ttz* IS*3I5 UlEfjOf^ ti. ^tU7 70 

[0 0 6 1 ] itc, W*Jl6co|fe^(cf£fii<o, m Stf 

2 iS® #Fff t P«B U 1 1 & # -r > -> * O R & (± « 

ji75' «b Of&ft * J: *) Jjifeffc-t 4 icftffl ■#■ 4 o 
[0 0 6 2] ifc, »#*7*>»9IUie**>, 

WLtHti WffiUiifiE-Ci 4 x > -> -v «> fe-f 

[0 0 6 3] »*JR8UE«L7t»Sf#pr»0* 

[0 0 6 4] 

[ftttff] (Xttffll 1 ) *HSfc®l 1 T-i±, S QWiS* 
fe**»** r ^+-K (LED) £0IJ(CLT, 50 

SfM i^4*LED4 ootBf®«ii^^-r«^:lir- 

[0 0 6 5] ^77^7 ( ff -Al2 Oa JMgji) 

4 oo<?) (oooi) m i cm) ±uu\ 

[ejg}£4 0 0 U -foil 

roafbarv ^ i\ (GaNi frhKhmmmA: o 1 £4 

5 OlC-WfcfltLTfco WSrttl 7 nmi:t^f«i4 0 

ffSrttO. 5 ^ mtt^TV K-^nicOG a Nl 4 
0 2 £*£mLT&£o 7>K--/nIGaNf4 0 2 (O 
-tUtt, St (Si) OK-e>^«JS*r««OifiD* 
nutans**, ap-fe. «J»Oi(Hni*InJU*^Ur«* 

[0066] dOn»GaNi403*T»On»O> 
97 KSt LTfUfflLT, -eco±(l, M*2 Onrat 
-T&7> K-"/On»GaN (*-v i ;7«K=4 X 1 0 
17 cm- 3 ) *&&*BM4 0 4 **imL*:. 50 
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[0 0 6 7] mmm 4 0 4 ±uuu i^#pi 4 0 5t 

4#F«*8 9 0tt*SLf:o I^#pS4 0 5<i, 
^H^tj7 nm<7)T > K-^OnBG ao.88 I 110.12N 

tt^)'>^n^>^^x-;K>v^^ (Cs Hs I 
n) & * >WAmt LT (J. Crystal Gr 
owth, 107 (1991). 360-364 W# 
H) > nBGao.ss I no.i2N»»#Pi4 0 SOlSI 
Sr. X*Oli»O#ffiM0CVDEie«P^fl»tf|Pjt 
t*:tttor»TS*fc 0 »#pi4 0 5<w&m 

«»*XOMOCVDRje#«^«»*:l»jhi-*« 
ft+llffOj|)!B*: 3 i) Kit, *oH, 7>*~7 
(NHs ) ^f^^^SrSKiiS-frT, M0CVDRt#fi 

[0 0 6 8] Aft4>Ktt. nSI*a«4 0 4 fcn-0*f 
#^^4^, B-Oif O n»G a Nifrfti 4 0 6 t 
LTJfcfltLfco ^414 0 VriftSiA, I57X 

10 16 cm-3tLf: o ED^. n!Ml4 0 6li, nB 
4 0 4 tf£*B<>n-i:+**tfl-*^«*Lfc 
TiSJS^: n^l^M^ 4 0 4 ^0 igtt^^ 

[0 0 6 9] ±ffi<7) n ^KS« 4 0 4 RO^&B 406 
i:T#Pi4 0 5 ?:tt#Lt, S Q WlSitOf&TtfflJ 4 2 
SrWflcLTto nMftl 4 0 6 t#Pl4 0 5 hOS^ 
#B4 3mfe»ttS:, (In) SftT^F? 

14 0 5rt03p*Sj»««J: *) 2«t. 

L7ttCl^, J!)14nm-e*o^o n© 
irtti4 0 6 ^: nI#Fl4 0 5 iK7)g^fS4 

[0 0 7 0] nlM!4 0 6±Uli, 7y*y^ 
(Mg) K--/pfAlo.i5Gao.8 5 NlJpf^77 
K/f (g/P= 1 5 nm) 4 0 7 <h U«U: e pi^ 
9 7 KU 4 0 7 l/f:<7)ifSP^fp]Cr^^ A 

(Al) &.J&Jt£0. 1 5^^0U«itj|fl5«^?-frfc 
pJM 1 y Gai-v N (Y=0. 15 — 0)Ji£n>* 
^M(««=0. l//m, +t'J7SS=2X10 17 
cm- 3 ) 4 0 8 fc LTitmL, ffi^«ig«:4 1 ^«ffit 

[0071] &a^)7t Yvvrjyi-ttmirmmL 

-rjty^>^Jpx*ifcLT*SLfcn»^5y KB 4 0 
3 0SI±ICIi, n»t-r^ (Ohmi c) 1S4 
0 9*Kitfc o pI^>^H4 0 8O$ffi± 

pBt-^ 7^ (Ohm i c) m®4 1 OSrKtt 
TLED4 0*«*Lfc o 
[0 0 7 2 ] f^^-^ *y ^m®4 0 9, 4 1 0 KIC, 
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3. 5tffrY (V) OlBa«BESr6PtnLT» 2 0^')7 
>^7 (mA) ONi^lfiHSit^iigEUTL ED 4 0 
ftS-frfco f§*»f'C*«ftlift4 5 0 nm^O, 
#R^4 0 5 G ao.se I no. 12 NOMzST'O 

«fih*fi (ft 3. 1 eV) UttlD-t* J: I) 4, &0. 3 

4 e vaKfiv»a?i**4 r -Kffiai-£JEttA«>$§% 

1 3 nmT**o7t„ f?^(chip) tt®-C\ '— «W> 
«i5'3«SrW«Lri!l*Sit4«*agE(4tt2 3^-Y * n 

*iy v <//W) uitL^o bp*,, i&mn-cti* fft^T- 

# fete 1= *> (C t> ffin* »* * i> fc "b -T L E D 

[0 0 7 3] (%Jfcffl2 ) *I§B^(0^t- 
>->^;Ufl|fig^[*ja-f-5>#-Sft^#^#it (MQW) rt> 

T, *§&Hfl£Jlfttt(;t&B£-t&„ [1)6(4, ^HJg^KOL 
ED 5 0OWB«flt*5H-*5*:ia"C**, 0 
0 J: 19 nB>5-; KJS4 0 3 U£4flUftH\ Mtkffl 1 (= 

[0 0 7 4] ni?77Ki4 0 3?:iSt4niGa 
N/f±t-{i, 7n , -7'fni©GaNJiIi5 0 0 
tU 7> K-7fnI<OG ao.90 I no.ioN£#HJI 

5 0 1 t Lfc, -ft<r)WBm&!£itL 5 1 a * 4 JIJK, » 
® £*£#£S^-#P#jt 5 1 b^<b££ffe:ftll5 2 £ 
EfiLfco WKB 5 0 0<r>mWMfy 1 5 nmt Lfz a i 
7t, 5 0 1 OfIli4 nrnt L/c 5 0 0 

5 0 1 O^-v 7iiJ£(4, fatlfc 5X1 0' 7 
cm- 3 tLTiS 0 ^<OMQWiI5 1 bli, nl?7 
-yKl4 0 3 tg^n§*, 7>K-7tni^)Ga 
N*»ii 5 0 0 t U **-Sg#pf/f 5 0 1 a £ nlOG 
ao.90 I no. 10 N L Tib -5><, 

[0 0 7 5]^S#Pi (Sli5fi) 50 1ai:*V> 
-eiS^i" 4*2 £«#p7)f 501bWni^77K 
@4 0 3iCfti#Pl5 0 1 c, 5 0 1 dtPlll5 

0 0 t<o&4t%-m<r>£Mit*mr8L-ti>tzi£>nftW.i3; # 
i:lCtv>iv>o ED*>, »2iS«#Fl5 0lbt*<» 
Tffi(7)#pJf 5 0 1 c - 5 0 1 d (4. 5 0 0 KH# 

T^fc^o MS, MQWf»it5 1 bi?)M15 2^ 
££1-&38#P«5 0 1 a SrSEIR-r SBIUtt, S**S§<0 
n^Rfi* 5 0 0 aO«i;»7Lfc», ttlHttdjfeK 
?-£T*?-3g#P« 5 0 1a S;«H*f»:, g?##*X<OM 
O C V DJSfi#>|*i^Ott<&«: £ffeftt:: 4 ^^CI •) fltjt 
Ltzo -W*ft+tBfO#te{C^-o-C, *?-Sg#Ff 5 0 1 
a Onff^Ii 5 0 0 a t O^ffi^iffiS^ Ofitfx > 
->-V>MIJ--<0ffi#T<7)*IJ£&, %2&m#Wm 5 0 1 b £ 
#£Tti!l<7>#FfJf 5 0 1 c - 5 0 1 d (cit^LT^t L 

tzo ±u<7>j&m*mi%mzt t) , 5 0 1 a t 
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aft*MM J 5 0 0 a tco#^#®U^lt4, HifetfU 1 U 
IBUfe-f > v ^AflR^-fllitUMi-ia^lEJitft 1 2 n 
m t Lfco 

[0 0 7 6] ft»#P|S0 1 a _hU(i, W Srftfttt 

0 n 5 0 0 ai f5J — <7> 2 0 n m i U 7JM- 
-7 A&J&itl' 0. 0 5 t-f Z>m.\tTfr\ =-*J U ■ if>) 
A?S. B B a ( A 1 o. 05 G a o. 95 N) nf^fr&H 5 0 
3 ^iimLZ-io n§frtl5 0 3lt nBiIi5 0 0 

/0 }ft«t±&2 X 1 0 16 c m- J *iSti:l$MJf 5 0 0 aJ:H 

[0 0 7 7] ft* 501a±l:n Jg^ffil 503 

U?>&S 5 0 3 *16«i-4J.3l*0*ft«f|»«fW<>±IEO 

1 a |*g<W£ ttaftSri* <b -T > V V A i 2 
$*4HSi-4, nM6S5 0 3 t<Oi§f»t>n 
Mfr&m 5 0 3 <0|*|gI5-x(7)SgSt (S^ffiJi) r|S)13n 

20 mtLtZo 

[0 0 7 8] n Bft&m 5 0 3 ±U(4, *«Et«J 1 (Cg2« 
LfcpB^^y K*B 4 0 TSU-'pf^^?? 1-1408 
m^?-ti:r»^«it^5 1 «-»^L/Ce 

[0079] m^ifiift5 i izmnzni.ximi.tcp 

nft^IWDH»^WLED5 0C, fi3. 4-3. 5 
VOJi^-famffSrePttlL-r, 2 OmAOJK^lpJ^Srii 
«S*7t^l-J4, «*OT«f^*««r*!j4 7 0 nmit4 

ao.90 I no.ioNji^-r^IEMO^ii^r-^^^S. 1 
JO eV&&j0. 4 6 e VS. T£I4£;2. 64eVOIg 

^O-NHSiHUi, 2 nmtMt-*flfft?tLTv»4 tco 
t 4 o fc 0 ^ -y ■^K«t , tf5|6*OSfcacttft 25// W<7)^ 

[0 0 8 0] 3 ) **^JT-I4,- # U, 

7 tcisssoitfig^^fitx^ led tim-tzmizzw 

[0 0 8 1 ] *Hifit3JT-(4, HJgCT 2 UE«0 4 Offl^ 

40 la Zffifc-th nf^OG ao.90 I no. u>N&M,m<om9 
Sr, »2J5«#PS5 0 1 bS^nWK^pSS 0 
1 c-5 0 l d J: DSii:iUft«LA, 

5 0 1a <0^)P<4 5 n m t L, -titW^<0# 
^ 501b, 501c-501d cop/fti lOnrnt 
L£ 0 COJ:tCLT, *ife0O 2 t tt&1®#pm 5 0 1 
aWlfOAttSLTttiMHa^eiLEDiri 

[0 0 8 2] nWpI*- 5 7 ?m&Fflt-&3. 2 
VcoJll^l6]<7)^E?re|]*DtT, *t 2 0 mAOll^lfimit 
50 Sr8taS*T|&j6$*fc 0 f&7fc<0cMw£:KI4, *liS^I 2 
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CO L E DO-tilUJt L, ft4 9 0 nmt J:l) ftifcftt 
o7t 0 CCO&ftli, #P/f £1#)S;-f &G ao.so I no" 10 

. 1 eVUJrtLT, & 
0. 57eV'J^k>ft2. 5eV<3ifi^K-i:i 

<)^& • 7 > Ais B B a «oa^:^^x.-ri 

ftfco ifc, ffeftx^? h ^co^ilSti^ 1 4nmti 
0, Lrt»*>, f-f-r^T«>«*5»«litftBK1ijES:* 

[0 0 8 3] (Jtttw i ) *ifetaj 3 uiefjt l e 

DSr«Jfti-4U*fclJ» BP*,, »«#P15 0 1aO| 
f¥£fl!>CD#Fnf 501b-501di»)iii: LTfiE-S 
MQWffjt 5 1 b£ffixfcLED£fi:gl-*&{-*7tl9> 
* 2 a«#plf 5 0 1b OnMftl 5 0 3 tH<7)K§glf 
5 0 0 aSr>'nf»M5 0 0 b co^t <0«^ffiT* 
*)#W«JKtt*fil±$*4 t©t Lfcc BP*>, nff*«g 
i5 0 0 bORfiS:»7Lfcft, 1 »-WUH-5,«fi>f Iff 
iSnifctttt, f fc, »2i£*#}3JB5 0 1 bcOJfcga, 

rat; < i ^nnoL&^mvffnimaztizx. *k #2 

S«#F*« 5 0 1 bUfl^4R#0«*ffiBO.«ittttfc 
■frW-fc L/to ZtlX »Pi5 0 1 a t|sli:< 

eww, amwf ©Rji:is#f > •> t tt 

*»2 0da«#P«5 0 1 b£fSx7tMQWfl|ii5 1 b 

[0 0 8 4] AESU«4»ff«S*t*i:**fc, Jt$Sl 
fll 1 ICE L fcS&Sttti, * 2 ^jg#^« 5 0 1b <l|» 

Bf-TfLlf, *?-®#FJi 5 0 1a Uov»T02^Siai(ZJt 
%ttxm 3-4 nmff, AttttU** tOtioJt. 
[0 0 8 5] *iS«175S3 tcE*LfcOkntlltcLr 
p ntt^fflODHflljSWL E_D*f^«Lr«*«ptt*IF 
«l£ 0 mtbm 3 <DL ED <0&&t<r>itmzft^X* % 
*co*<l>?£SI±, »P§rti:«lLfc/0 KOSEft 
O&SICJ:*), 65 0 5 nmtffW««i:4;o 
fc„ — ^ 117 USfcjfcX^* MP 5 3 SrTjrtfcK , #Jt 
$jc1?!l 1 CDL ED(±, ^^t^S^x***:**^ 
h^5 3 a UiDxT, -it J: >} S&fiffil U , +<kcoiftfi 
££>4 8 0 n mt +*H^W4 h*5 3 bcof§£ 

*), *fe#j3 OLED 5 O^cof&ft*^ HP5 3 <c 

[0 0 8 6] H7<Of&5fc*^* Y»'kit&tiM3Mh* 
SUfcftfc.X^* h;i-5 3 bli, HtStRI3<0LE 
D 5 0rt><b<i!£&LTV>&v> o ®2ffl«#p®5 
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0 1'b^Bii5 0 0 a, 5 0 0 b t <0«# Affile 
7 L >-> + /l'«SrHltfc#^li3J»'b««-*-4i:, ffcTfecoiji 
fettfca+iKfcWfcX'** h^5 3 b75 ? ai?li-.5><, ?£o 
T, CW&fcBJ.&Wfc*'** h^5 3 b<i, _LEcO$P < 
«)#f->->-v;H»«:4:f»x.fc«5 2ifiiSJB5 0 1 bUfi* 

(MQW) aS»6fc*»5fc»i-*o-c, |fe*«i«*rB-<t 

[0 0 8 7] (*tfcffl4) **JfeCTT-(i, 
8»tr9UE*««lSa><bfc4»#ll (»JB#P») & 

[0088] msm mefttaittcoLEDffljtcofti 

0 4 0ttlH(Tlft« ^#P<S4 0 5<0«m*^te-t* 
20 CliNC, **m KE*0«ft+ISr*fl5*ttLfc. 
[0 0 8 9] **ifc«T-(±, 4 0 5*, 

*^*-r <^>^*B^fiiconBs^t** , ; *a • ^v^Aii 

B a a (G ao.82 I no.uN) 3j»f>»«6L7to #S|#^« 4 
0 5 *#IEMOCVD^^flJfflLT^mi--2.l^t:(i, 
£.[Z* h*-> (methoxyl-OCHs ) &ZW)n 
Lfctf«ffc#* L Tift 6 Olfp pm 

cOiftST-^-tj- h >)*?-)V<i >v^A ( (CHs ) 3 I 
n) ifr I nMt L,tz 0 Z1UZX 19, 8 
xlO ,! crn- 3 tU J.o-f >->*^ A^Jt* 0. 18 
50 ti-^,T> K--/<OnBG ao.82 I no.uNtSIL 

[0 0 9 0] «9*g|5 nmtU ^r^r'J T*aE*»5 
XI 0 17 c m- 3 t-fh'&m#Wm4 0 5* 8 8 5*0^ 
I*»7Ufc»li, C0nffMN£H4 0 6 colzas 
T-*510 7 CCtc^l 0 0 2 ^P^T* 

#£L&, C<0#iauSt7t«FWt, <1#**^C0M0C 
V D 5J£*p^co«#& * * if L 7t 3 »n t fif* T ^"ft 5 -& 
^pgtcm^^K*BffB#Pfl*IStt/Co **SS#f7)14 o 5 <0 
«Blco^{c^v>T«:«+»f<oj(Slffl*g9:«t*^ ti:J: 
40 »J, nfili4 0 4 Sl>'nff^rt§4 0 6 t<r)T$j5<r> 

[0 0 9 1 ] 1 0 7 0 "CT- 3 frt-EoT, 

1 tMiOpf A lo.isG ao.8sN*7 -y K14 0 7 
if&giZ-tttZo pfZA lo.isG ao.ssN^-7 v Vm 4 0 
7tc^#, 1 0^KtCfi»3, T^^-^Afe^Jt ( = 
X) £0. 1 5^<b«HlC|p]ttr0lc^$*-5,affi&) 
ESrttLfcpJBA lx Gai-x N (X=0. 15 — 0) 
t hf§4 0 8 SrfiSEKLfco prp>?7H4 0 
8<0fiS:IK^7L^mii, 9 5 0 < C^^t3'^4 0t:coi$ 
50 gT-J^iPL^o SEttT, 9 5 0W^6 5 0ti:i5t 
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(13) 

£Lfco 

[0092] Em*, ±u<r>%;i!>j:m*m&Ltzm-n 
m^aast item) i*-c*4o 4 o sis, 

* >v*A&j£Jt (=X) £2-3%t1"4Gai-x I 
nx N*»f>44±ft:«S4:, -T > AS&fiKJtfcifc 1 5 
~2 5%SKttl.Gai-x I nx NWfSfcg&fli^t, & 70 

fct^«Ti:tf>J«MJl*<0£<UMt, ?JI*0 -f > v * A 

asutoffiaueHi- 4 fcf-i&kommizmm l -c«± 

i" 4 t S it 4 ft=FW Sr $.1" 4 fflig U <?> ff«E*«E*5> 
<bix^ 0 ifc* *?-Jg#plf 4 0 5rtwBBIH|{-?-*aii, 
X&K U ifc^i" ^ Iftftffi 4 fc ft I- JEli U ^»-T 

[0 0 9 3] *jfc0ll UlE«tra«ULT, IWpI 20 
iiL EDSrffcSLfco LED^t>l±, %MIrft4 5 

$#P«£ffl»£i-4G ao.82 I no.i8N75 f #i-^$5l5<7) 
»lh^«T'***fj3. 0 e VKifc-tT, &0. 34eV 
(&v^^^;U+--Cffi^i-^|&3feT-*o7t 0 ifc x S§ 
h >KD4Ht*Iti#j 1 2 nmt&ofco Cit'bO 

*t#t* k i± % i o l e d <n t *& l fc 4 fomtm 

#>t>ti%fr<3tz—J;-e^ QHtfemi. »Wi«led 
<Of£g£;ft3 0%±E4;&3 0 // Wt&ofco Citi 

£0. 3JttTfcLfc±U, K#«:«SU#tr, 
tiLfcGai-x I nx N^fc«j£ Lfci&3S#Fe(±, 
*«*i*a<Ol;?-#P#a»*«^-* & fc e>i-|C# 
^m36 r * 4 - fc § ixfco 
[0 0 9 4] 

i-ffift * &it * i> tz h -tttx-js m it 07c*<??!|f is * 

fljffl-ti-rt is &SS#?5«?>n^4H9:Jl fc 0@£-®T-#§ 40 
^ffiW£§&£.i?-£4C: iri J T-i<, ZfiX*), %jt<7>& 

[0 0 9 5] IS*Jl2S.CK3tCfS«0|§WT-(i, W*JR 
4„ 50 
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[0 0 9 6'] **!Jl4W56WTtt, Eftfrffim^^ffi 
^>£/-v^tfU*ttl=*8t-Cft«*tt2: Lfcfc*. IE 

fc*^«£«tt#p*««r a ******* *o 

[0 0 9 7] **3H5W»Wt?l±, «^#®T-<7).f.l^1± 

£ J: 19 -k t L fc<Ot\ * -V T Oil^i 7. ;p 
*TEU«Hff>ii, fi&f£<oi£*£ tz 1"U 

K W ffl iJf U H 4 f£ft<7> ft^ft f fc S: i ») ffifi^J # 4 

ffcjJ'WttU j**-C i 4 ft-?-#F7|g^T-5& J f*fit S it4 „ 

[0098] itz, mx&6<7>ftmizmu£^ ^*a? 

O 

[0 0 9 9] B*S8 OftWTJi, fi^-#P*a<D|?-Sg 

> v^AafiEJt^O. 3 WTOf&'T > vt7 AftfiSUt 
0^t**';^A • Ov*^A^<b»«Lfc<0T% «w>3ft 
«<0|&7t:^<>fc'bi?its iSWJS^aT-^pfll 

[0 10 0] IC, 1***9 CIBttWf&IJIJ-Cli, 

^^#^-r4tc*)c»r. #Ff/f l*IK-g-W$*l4K 

*flfC : f-0»flC<:a*t LfcOT% Mt;|&*5SKi;ffiix4 

s^#p mm%ft%* zukmx* # 4 4 c 

[BHBOlirJILfcttW] 

[mi] (sqw) Aiito^Tfe^^fSxfc 

P n«^-MDH*iil&7fegr J <7)Jii^;w+--S«i*^^1-Il 
T-*4 0 

[0 2] (MQW) «it<7)H*§^filx.fc 

r-*4 0 

[I33] *H^{C#to4SQWlijg{ci«-tt4^x>v J r 
[H4] *l&WU^t>^MQW»^(CJ*-tt4*''r>-> J P 

[is] nmMi<DLED<7)mmMmm&.mx'$>z>o 

[0 6] *ife1?lJ2(0LED<7)if®#ii«5^[lT**4 o 
[07] 3 aiTit«« 1 (-I£«<0 L EDOM^ 
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[08] £ffcOT4 USE*<o#»#Flirtffioe*«ft* .. 

[H9] m%<7)!$.—M:?#p (SQW) »ii<0&*: D <>& 

[BIO] S Q WffljtO J. 7. ;U *--3fflS}i<7>*§Btf -r > 
•> -v *- 4- Tpi" n -c- *> h o 

010, Oil, 10, 404, 500, 500a, 5 

oob: >«) rm 

012, 11, 11a, lib, 11c, lid, 11 10 
e, 501a, 501b, 501c, 50 1 d : #PH 

013, 2 4 : xprnzmfci-zmAn^vmikWrn 

0 14, 015: /<>J TJf co^ih^iB 

0 16: -•^•r>>- j r;u#pgr> 
0 17, 16: &m*G 
0 18, 2 o : ffim^ 

0 1 9, 0 2 0: e^f&iJUffMSft&a^igtt 

0 2 1, 022: ffli:T-mBi|UffM$n^l:^fi 

023, 024, 23: itf£^*;l-*"'- 

1 : f&TfcSG , 20 
1 a : f&ftff 

i b : g.-iTf-Fi 
i d : #s-**^-#p 

11a, 405, 501a: $*-5I#P Jf 
lib, 5 0 1 b : m 2 JS&^Jf 
1 2, 4 0 6, 5 0 3: fr&m 
1 3 , 4 0 3: n©*7 y KJg 

14, 407 : p§?77Kl 

15 a, 4 3 :^SS#PicMittf)S^fI 

i5b: fct%#Rm t &mm t <7>m&&w so 
i5c: m2ft&#F;m tmmm t<r)ft&mm<n%&R 
m 

i5d:$2 i£&#Ffii t mwm t o**jhh 
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16a: fsg^u-^ (E c o) 
16b: et«<oi« (E c ) 

16c: e^OrK-r > v -V >Ug 

i s : nm^m<o&^7- >->^gp 

1 9 : ^ 

2 0a: ffiHT-lf l"-^ (E v o) 

20b: ffim^^ii^ (E v) 
2 0c : ffim^^^x>->-v^^ 
2 l : *S^*llo(g;.-tfT->-> + n.g|5 
2 2 : IE?L 

2 5a: ^«#PlrtofE#^ffl<7)iaw^!I* 
2 5b: ^Sttpil^WlS^WWHJfOglt 
2 5c: »2fi«#PSrtofs^fflloiatff<ofi)t 

2 5 d : »2^#F^|*I<7)fiim^ffl5^ffl*fC0fl« 
4 0, 5 0 : LED 

41, 51: mmmm» 
400: ft&mm 

4 o i : 

4 0 2: n©G a NJf 

408 : nv?^ n 

409:nft-57 ?lt 

4io: pfl2*-5 v ?W.U 

5 1a: M^-#FtifiK*fe 

5ib: 
5 2 : fiftn 

5 3, 5 4: ffcft*^? 

5 3a: iTt&S&TfcX^ h;w 

5 3b: HJ^^I§7t;^^^ h )V 

s : ±#ffl 

t : vtmn 

u : M#*g(*£ 
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(15) 



#HB2 000-133884 
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(16) 



If 63 2 000-133884 



[15] 



[06J 



S 



4 2 I — 

L- 4 0 4' — 



4 3 09 



ir 



4 0 3 



4 0 1 




[07] 



1 0] 



5e 
a 



s 




0 2 0 
0 i 9 \ 



400 450 BOO 650 600 



f 1 




0 10 



0 

9 2 3 I 0 2 2 

0 13 



~i 0 18 
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[l&ffB] ¥«13#7H6B (2001. 7. 6) 

[&|53#^-1 2000-133884 (P 2 0 0 0 - 1 3 3 8 8 4 A) 
[MB] ¥tl2^5^12B (2 0 0 0. 5. 1 2) 

&HM#M ! ft« 12-1339 
[ttHRS-9-] #fS¥ 10-302959 
[BIKttnF»fl(«l7lK] 
H01S 5/343 

5/34 
H01L 33/00 
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